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1 Introduction

This document identifies a concern with overheating when UEs are operated for moderately long periods in high throughput configurations, e.g. large number of carriers and/or high MIMO rank.  Potential solutions are discussed and a way forward is proposed.
2 The problem and analysis
2.1 Problem 

With the introduction of high performance configurations such as high rank MIMO and large numbers of aggregated carriers, UEs face increased challenges with overheating from the baseband.  As an example, lab testing has shown a handset reaching 50°C after 20 minutes of operation in a 3CA+4x4MIMO configuration with transmission data rate limitation as shown in Figure 1.
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Figure 1: Example thermal curves for an overheating UE

Even with the transmission data rate limitation, in some scenarios the lab testing has shown a handset reaching above 60°C after 30 minutes of operation in a 3CA+4x4MIMO configuration, as shown in Figure 2.
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Figure 2: Example thermal curves for an overheating UE

This example was not with a particularly high downlink data rate; elevating the downlink rate limitation can lead to much more drastic overheating with temperatures approaching over 70°C in some scenarios, if emergency thermal protection (throttling the data rate, and eventually switching to airplane mode) is not applied.  Obviously this level of heat is unacceptable for the user.  Moreover, the need to switch data transmission off completely to aid thermal recovery is an obvious problem for the user’s ongoing service; it would be preferable to have a graceful degradation of performance without actual loss of service.
2.2 Problem analysis
The reasons of the overheating problem is analysed by a detailed power consumption study. As an example, the electric currents drawn by the UE in different CA&MIMO configurations are shown in Table 1 (normalised against a baseline configuration of one carrier and 2x2 MIMO). As another example, the power consumptions of BaseBand module and RF module are shown in Table 2.
  Table 1. Example electric currents of different CA&MIMO configurations

	1CC, 2x2MIMO
	1CC, 4x4MIMO
	2CC, 2x2MIMO
	2CC, 4x4MIMO

	1X
	1.6X
	1.3X
	2.0X


Table 2. Example power consumptions of different CA&MIMO configurations
	Test Case
	Baseband
	RF
	Chipset total

	LTE FDD Cat4, 1x20MHz
	20%
	30%
	1X

	LTE FDD Cat6, 2x20MHz
	25%
	35%
	1.3X

	LTE FDD Cat9, 3x20MHz
	30%
	35%
	1.7X


Observation 1: high rank MIMO transmissions and high numbers of carrier aggregations increase the power consumptions of UE, which are the main causes of UE’s overheating problem.

3 Potential solutions
According to the observation 1, the most effective way to solve the overheating problem of the UE with high performance configuration is to degrade its CA/MIMO configurations, i.e. reducing the number of configured SCell and reducing the rank of MIMO transmission, both of which are under control of the NW. However, the overheating problem can only be detected by the UE itself and the NW has no way to be aware of the overheating situation of the UE. Therefore, when it configures the SCell and schedules the rank of MIMO transmission for the UE, the NW will not take the UE’s overheating situation into account. In other words, the UE can only passively respect the NW’s configuration even when it meets the overheating problem. So, in order to solve overheating problem, the UE should be allowed to initiate a procedure which could trigger the NW to reconfigure the UE’s CA/MIMO related configurations, which means that a standardized solution should be explored instead of relying on the UE implementation.
Observation 2: In order to solve the UE’s overheating problem, a standardized solution should be explored instead of relying on the UE implementation.
Today, the only way by which the UE can address the overheating problem is the UE first detaches and then re-attaches to NW. After re-attaching, the UE reports a lower CA/MIMO capability to the NW via the UE capability transfer procedure. Then, the non-problematic CA/MIMO configuration would be reconfigured by the NW. The advantage of this method is there would not be any specification impact. However, this method has the obvious serious problem that it interrupts the user service, similar to the forced switch to airplane mode mentioned previously. From the perspective of user quality of experience, it is not an acceptable solution.
Observation 3: To address the overheating problem, the UE can change its CA/MIMO capability via the detach/re-attach procedure. However, it is not an acceptable solution from the perspective of user quality of experience.
Proposal 1: Agree that the UE overheating problem as shown in section 2 should be addressed by a standardized solution instead of relying on the detach/re-attach procedure and other UE implementation methods.
Next, we give two candidate options which could help the UE to alleviate the overheating problem while keeping the service continuity.
3.1 Alternative 1: UE initiated dynamic radio capability updating
An obvious alternative, using mechanisms that have been previously discussed for UMTS and LTE, is to allow the UE to trigger a reconfiguration to a lower-capability configuration, e.g. by indicating reduced support of CA/MIMO/data rate.  This would need to be done carefully, to avoid the problems identified in past meetings, e.g. UEs changing these parameters too frequently, or unpredictable changes of the UE capability that could affect arbitrary parameters.
We suggest an approach similar to what was used for the capability update procedure in UMTS, where the frequency of updates is constrained by a timer, and the parameters that can be updated are strictly limited.  In this case, we consider that the following parameters could need to be adjusted:
1. CA combination support

2. Highest Rank of MIMO support

3. UE category

To avoid unwanted flexibility in which parameters are changed, a new message could be defined containing only these parameters, or we could take the UMTS approach and simply specify which fields in the UE capability may be indicated as needing to change.  Considering the different levels of specification impact, we tend to favour the UMTS approach, but technically it seems clear that a new message format would also work.
As usual, the procedure would ultimately need to be under network control; that is, the UE may request a reconfiguration, but ultimately it will be the network’s decision whether to grant it (controlled by sending the needed reconfiguration message, or in cases where no reconfiguration is needed, a dedicated acknowledgement to say “change granted”—again similar to the UMTS solution).
3.2 Alternative 2: UE initiated CA&MIMO reconfiguration
In this alternative, when the UE experiences an overheating problem, the UE sends a message to the eNB to report the overheating problem. How to trigger this message transmission could be left up to the UE implementation. In the message, the UE provides some assistance information which could give guidance to the eNB on the CA/MIMO reconfiguration, such as the maximum number of configured or activated SCell that the UE could support, and the highest rank of MIMO transmission that the UE could support. 

When notified of overheating problem through an indication from the UE, the NW response to this indication is left to the network implementation. The eNB can decide whether to de-configure the SCell, deactivate some SCells, or degrade the MIMO transmission rank for the UE. For SCell de-configuration and SCell deactivation, the current RRCConnectionReconfiguration message including SCell release and MAC CE for SCell activation/deactivation can be used respectively. However, for MIMO transmission rank degradation, a new IE which is used to indicate the highest rank of MIMO transmission the UE should support needs to be defined. 
When the UE no longer suffers from the overheating problem, the UE could also send such indication to the eNB. In addition, to avoid that the UE transmits the message arbitrarily, a prohibit timer could be used to control the minimum interval the UE can send such message. Alternatively, the UE’s behaviour can be restricted by specifying that the UE is not allowed to deliver the message with same content to the eNB repeatedly.
Considering that it is the first meeting RAN2 discuss this overheating issue, we suggest that RAN2 first reach the consensus on which of the above alternatives should be adopted in this meeting and further discuss more details and the corresponding CR in the next meeting.
Proposal 2: RAN2 is respectively asked to discuss the above two alternatives and draw the conclusion on which one RAN2 should adopt in this meeting.
Furthermore, in both of the above alternatives, a UE whose request for a reconfiguration was refused would probably need to detach and reattach with new capability, causing dropped service for the user but bringing the overheating under control; obviously this is less desirable than a graceful degradation of service, but it seems to be the only spec-compliant fallback mechanism in case the network declines to let the UE operate at reduced capability.
4 Conclusion

This document identified a practical problem with overheating devices, and made the following observations and proposals:
Observation 1: high rank MIMO transmissions and high numbers of carrier aggregations increase the power consumptions of UE, which are the main causes of UE’s overheating problem.
Observation 2: In order to solve the UE’s overheating problem, a standardized solution should be explored instead of relying on the UE implementation.
Observation 3: To address the overheating problem, the UE can change its CA/MIMO capability via the detach/re-attach procedure. However, it is not an acceptable solution from the perspective of user quality of experience.

Proposal 1: Agree that the UE overheating problem as shown in section 2 should be addressed by a standardized solution instead of relying on the detach/re-attach procedure and other UE implementation methods.
Proposal 2: RAN2 is respectively asked to discuss the above two alternatives and draw the conclusion on which one RAN2 should adopt in this meeting.
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